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(54) Method for determining the physical features of a tire

(57) The present invention refers to a method for the
determination of the physical features of a tire, for ex-
ample the deformations that it undergoes during the
use.

The method for the determination of the physical
features of a tire, comprises at least a first belt (3,4) re-

inforced with a plurality of metallic wires, characterized
by comprising the following phases: providing a signal
between a first and a second metallic wire; determining
the real part and the imaginary part of the impedance
between said first metallic wire and said second metallic
wire.
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Description

[0001] The present invention refers to a method for the determination of the physical features of a tire, for example
the deformations that it undergoes during the use.
[0002] Recently the safety of the cars has increased thanks to the installation of various types of sensors and to the
relative electronic control systems.
[0003] Also the tires are under study to avoid that the wear and possibly the explosion could create problems to the
motorvehicle occupants.
[0004] Normally the deformations of the tread are measured by application of sensors to the tires, and the measure-
ment systems provide the data related to the contact condition of the tire with the road.
[0005] A method that uses the structure of the tire as a sensor is described by the article of A. Todoroki, S. Miyatani,
and Y. Shimamura, "Wireless Strain Monitoring using electrical capacitance change of tire: part I with oscillating circuit",
Smart material and structure, Institute of Physics Publishing, no. 12, pp. 410-416, 2003. It describes a measurement
method of the deformations that uses the tire steel wires as electrodes of a capacitor. The steel wires are connected
to an oscillating circuit of the LC type, and the frequency variations of the oscillator correspond to the variations of the
capacitor capacity.
[0006] In view of the state of the art described, it is an object of the present invention to provide a measurement
method of the physical features of a tire which has a higher precision and is able to give further information in comparison
with the known methods.
[0007] According to the present invention, such an object is achieved by means of a method for the determination
of the physical features of a tire, said tire comprising at least a first belt reinforced with a plurality of metallic wires,
characterized by comprising the following phases of: providing a signal between a first and a second metallic wire;
determining the real part and the imaginary part of the impedance between said first metallic wire and said second
metallic wire.
[0008] The Applicant has realized that the tire is not constituted by an insulating material, and it is possible to get
important information also from the tire resistance variations. Thanks to the measure both of the capacity and of the
resistance it is possible to have a better interpretation of the tire deformations. Besides the Applicant has found that it
is possible to carry out the measures both on the wires of the same belt and on the wires of different belts, in this way
interpreting at the best the obtainable information. The measure of the resistance combined with that of the capacity
allows to better appraise the thickness variations of the belts and even more those of the single belt. Further, two
characteristic parameters of the tire are under control, that is Band p. It has been also noticed that the resistance has
a link with the temperature assumed by the tire, and therefore measuring the real part of the impedance it is possible
to get information on the temperature variation of the tire.
[0009] The features and the advantages of the present invention will be made more evident by the following detailed
description of a particular embodiment, illustrated as a non-limiting example in the annexed drawings, wherein:

figure 1 shows in perspective a schematized partial structure of a tire;
figure 2 shows a schematic representation of the tire belts;
figure 3 shows a measurement system of a impedance matrix;
figure 4 shows a graph in which the capacitor value variations are represented with respect to a sample deformation.

[0010] A tire, schematized in figure 1, comprises a carcass 1 having a toroidal shape consisting of at least a material
layer reinforced with wires placed in radial planes and a tread 2 placed above the carcass 1. Between the carcass 1
and the tread 2 two belts 3 and 4 are placed. Every belt is constituted by a reinforced rubber layer with steel wires
which are parallel to each other. The belts 3 and 4 have the steel wires tilted with respect to the equatorial plan of the
tire, normally of about 20°, and they are placed so that the wires of a belt intersect the wires of the other belt. That is,
if the wires of a belt are tilted toward right the wires of the other belt are tilted toward left, and therefore they form an
angle of about 40° with each other.
[0011] The force that practices between the tire and ground can be represented by a vector with two components.
One component perpendicular to the contact surface and one tangential. The tangential component can subsequently
be divided in a parallel component and a perpendicular component with respect to the equatorial plan of the tire.
[0012] Reference is now made to figure 2 where the belts 3 and 4 are schematically represented. For every belt the
reinforcement wires have been schematized, that in this case form an angle of 90° with each other, particularly; the
belt 3 is composed by the wires 10 and the belt 4 is composed by the wires 11.
[0013] Impedances are represented, composed by a resistance and by a capacitor in parallel, between the wires
belonging to the two belts as the resistance RT and the capacitor CT and impedances between the wires belonging
to the same belt like the resistance RC and the capacitor CC.
[0014] We consider for example the wires between the same belt. The coupling between the two electrodes, repre-
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sented by the wires, behaves as a distributed capacitor, while the rubber in the middle behaves as a resistance.
[0015] The capacitor can be calculated by the following relation.

where ε is the dielectric constant of the rubber, S is the area between the two faced electrodes and d is the
distance between the electrodes.
[0016] The resistance can be calculated by the following relation.

where p is the resistance for length unity of the rubber and d is the distance between the electrodes.
[0017] When a tire meets an obstacle, the deformation of the tread is transferred to the reinforcement wires of the
belts 3 and 4. The deformation causes a variation of the space between the wires, and this variation is translated into
a variation of the capacity capacitor and of the resistance value. For example, when the wire lengthens, the distance
d increases and the capacity decreases while the resistance increases.
[0018] Measuring the impedance variations it is then possible to determine the tire deformation, and since the move-
ment is proportional to the force, it allows to measure the forces applied to the tire.
[0019] There are a lot of impedance measurement systems, and systems to determine, in the particular case, the
resistance value and the capacitor value, an example of a measurement system is shown in figure 3.
[0020] In this case we refer to the case in which the impedance is measured between the wires of two belts.
[0021] A switching system 20 allows to selectively apply the signal coming from a generator G to the wires 11 of the
belt 4.
[0022] A switching system 21 allows to selectively apply a charge amplifier A to the wires 10 of the belt 3.
[0023] Preferably, the wires to which the signal has not been applied or to those to which the amplifier A is not
connected, are connected to ground by the switching systems 20 and 21.
[0024] The signal received by the wires 10 is applied to the not-inverting input of the amplifier A, the inverting input
is connected to ground, and between the inverting input and the output a capacitor CF and a resistance RF have been
applied.
[0025] The transfer function of the measuring circuit is the following.

where V0 is the output voltage of the wires 10, and Vi is the input voltage.
[0026] In a low frequency range, for example of the order of some kHz, there is that ω « 1/(RTCT) and ω « 1/(RFCF)
and the preceding relation can be rounded to V0/Vi=-(RF/RT), therefore it is possible to determine the resistance value,
that is the real part of the impedance.
[0027] In a high frequency range, for example of the order of some MHz, there is that ω >> 1/(RTCT) and ω >> 1/
(RFCF) and the preceding relation can be rounded to V0/Vi=-(CT/C therefore it is possible to determine the value of
the capacitor, that is the imaginary part of the impedance.
[0028] By means of the switching systems 20 and 21 all the wires can be scanned and have in this way a punctual
map of the tire mechanical deformation.
[0029] It is carried out a measure on a tire sample comprising two belts. An electrode has been applied to a wire of
a belt and another electrode has been applied to a wire of the other belt, to measure the impedance an impedances
meter LCR has been used, and a strain meter has been applied for measuring the tensile force applied to the sample.
[0030] In figure 4 the capacitor value variations with respect to the deformation of the sample are shown. Particularly,
on the axis x the component of the perpendicular force to the equatorial plan of the tire is reported, that is the movement
in mm, while on the axis y the corresponding variation of the capacity in nF is reported.
[0031] As the tensile force increases, the thickness of the sample decreases, so as the distance between the elec-
trodes, and accordingly the capacity increases. Then the increasing of the capacity, saturate for a tensile force equal
to about 2,5 µm for the fact of the presence of the tire reinforcement structures.
[0032] It has been noticed that a deformation of 0,6% of the linear dimension of the tire causes a 7% variation of the
capacity.

C = εS
d
----

R = ρd
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[0033] It has been measured another tire sample constituted by only a belt, and therefore the resistance has been
measured between the electrodes of the same layer of the belt. The tensile force has been statically applied between
0 and 3 mm. Because of its linear deformation, the distance between the electrodes increases, the thickness decreases,
and the resistance increases. Using a single belt there are not further reinforcement structures of the tire and therefore
there is not the saturation effect. The results of the measures are reported in the Table 1.

[0034] It has been carried out a further measure on a tire sample comprising two belts of the type previously used.
A tensile solicitation has been applied for the duration of 1 second with different forces. It has been noticed that the
impedance measure instantly changes at the force application, therefore it reaches its static value, at demonstration
that the relation between the impedance and the tensile force is linear.

Claims

1. Method for the determination of the physical features of a tire, said tire comprising at least a first belt reinforced
with a plurality of metallic wires,

characterized by comprising the following phases of:

providing a signal between a first and a second metallic wire;
determining the real part and the imaginary part of the impedance between said first metallic wire and said
second metallic wire.

2. Method according to claim 1 characterized in that said first metallic wire belongs to said first belt and said second
metallic wire belongs to said first belt.

3. Method according to claim 1 characterized in that said tire comprises a second belt reinforced with a plurality of
metallic wires and said first metallic wire belongs to said first belt and said second metallic wire belongs to said
second belt.

4. Method according to claim 1 characterized in that said plurality of metallic wires of said first and second reinforced
belt are placed to ground except said first and second metallic wire.

5. Method to produce the mechanical deformation map of a tire characterized by scanning sequentially every couple
of metallic wires by means of the method of the claim 1.

Table 1

Extension of the sample of
1mm

Extension of the sample of
2mm

Extension of the sample of
3mm

Measured resistance (Ω) 2300 2340 2380
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